Objectives. The aim of the present study was to assess comparative emergency department (ED) resource utilisation across age groups.
outliers);
2 and (2) block funding, 1, 3 which is predominantly applied to smaller hospital EDs, based variously on historical funding levels or activity.
However, the Independent Hospital Pricing Authority (IHPA) has acknowledged that the 'impact of the age of the patient on costs should be considered in an emergency care classification in the medium term'. 4 Age has been demonstrated in several local and international regional studies to be correlated with cost of ED care. 2, 5 These studies were limited by being based on assessment of ED presentations from relatively small geographic areas. Furthermore, the age groups used in the studies defined increased age as 65 years and did not explore whether there are differences in cost or resource utilisation between the young-old (65-74 years), old-old (75-84 years) and oldest old (85 years).
In order to better inform Australian health policy and facilitate the development of funding models and models of healthcare that deliver optimal acute health care, an understanding of the comparative effect of age on ED resource utilisation at a national level is essential. In addition, it is unclear from prior studies whether the effect is homogeneous among those aged 65 years, or whether the effect is magnified with further increase in age.
Objectives
The aim of the present study was to determine the comparative resource utilisation for Australian ED attendances across the age groups of 0-14, 15-35, 36-64, 65-74, 75-84 and 85 years, using previously used surrogate markers of ED cost.
Methods

Study design
A retrospective analysis of data collected in the National Nonadmitted Patient Emergency Department Care Database (NNAPEDCD) was undertaken. The NNAPEDCD is a national database administered by the Australian Institute of Health and Welfare (AIHW) that describes episode-level presentations to public EDs across Australia. The research team purchased de-identified data across 15 data elements from the AIHW. The data elements provided were determined by availability, data integrity and consent of state data custodians. State data custodians provided stipulations on data elements to be provided, their format, use and reporting. The data custodians further required that no comparative state-level data be published. The University of Queensland Medical Research Ethics Committee granted ethics approval for this study.
Variables
The characteristics of those presenting to the ED were assessed by age, gender, time of day of presentation, acuity of the ED presentation as assessed by the Australasian Triage Scale 6 and episode end status (or status of the patient at the end of the ED episode of care). As a requirement of state data custodians, all visits to EDs from July 2006 to June 2011 were stratified by age group. The age groups used were based on the groupings that fulfilled study requirements and were broadly consistent with the age ranges defined by both the National Health Data Dictionary 
Statistical methods and analysis
All analyses were performed using IBM ® SPSS ® version 22.0. Demographic and resource utilisation profiles of patients presenting to the ED were assessed across the entire dataset, using descriptive statistics, with results reported for individual age groups. Continuous variables are expressed as the mean with 95% confidence intervals of the means; categorical data are presented as percentages. Group differences in continuous variables were compared with two-tailed t-tests (or analysis of variance (ANOVA) for multiple comparisons) where distribution was normal, and with the Kruskal-Wallis test for nonparametric variables. The Pearson Chi-squared test was used to assess group differences for categorical variables. For all comparisons, p < 0.05 was considered significant.
Results
There were 28 708 035 ED episodes of care in 187 hospitals (plus the hospital/s of the single territory contributing data without hospital identifier/s) reported during the study period. All Australian states and territories contributed data, with 77.1% of contributed data being from eastern mainland states; this distribution of data matches the population distribution.
Demographic profiles
Demographic profiles of patients presenting to EDs in Australia for each age group are shown in Table 1 . Most ED presentations (41.3%) were by people in the 15-44 years age group, with those aged 65 years representing 18% of total ED presentations from 2006-07 to 2010-11.
Overall, the proportion of presentations by females and males were similar. However, among the oldest old (85 years), the proportion of female presentations was significantly higher than that of males (62.9% vs 37.1% respectively; P < 0.001).
Unscheduled emergency presentations accounted for 97.5% of all ED activity from 2006-07 to 2010-11, with older people no less likely than younger people to be an unscheduled emergency presentation (P < 0.001).
Resource utilisation
Assessment of resource utilisation by patients of each age group using surrogate markers of mode of arrival, Australasian Triage Scale, ED length of stay and ED disposition status is summarised in Table 2 .
The most common mode of transport to the ED overall was walking, private transport, public transport or other community transport, which accounted for 75.7% of ED presentations across the entire dataset. However, those aged 65 years were the only age group in whom the most common mode of transport to the ED was ambulance, with 54.2% of those aged 65 years arriving by ambulance, compared with 16.5% of those aged 0-64 years (P < 0.001). This effect size increased significantly with further increases in age (40.3% of those aged 65-74 years, 57.5% of those aged 75-84 years and 73.5% of those aged 85 years arriving by ambulance; P < 0.001).
Most ED presentations overall were assigned a triage category of 4 (semi-urgent). However, older people were the only age group where the most common triage category was 3 (urgent), assigned in 39.8% of those aged 65 years, with the elderly overall having the highest proportional urgency of care of all age groups (P < 0.001). The proportion of patients within each age group assigned a triage category of 1 increased with increasing age (0.3% in those aged 0-14 years to 1.6% in those aged 85 years). The proportion of patients within each age group assigned a triage category of 2, peaked in the 65-74 years age group.
Older people were more likely to be admitted to hospital from the ED than younger people (55.4% of those aged 65 years admitted compared with 19.1% of those aged 15-44 years and 31.6% of those aged 45-64 years; P < 0.001). After adjusting for triage category, elderly patients still had a higher rate of hospital admission (admission rates of 33%, and 20.9% in the 65 and 0-64 years age groups respectively; P < 0.001). The effect increased significantly with further increases in age, with admission rates of 45.9%, 56.7% and 63.8% in those aged 65-74, 75-84 and 85 years respectively (P < 0.001).
Rates of referral to other hospitals for admission also increased with increasing age. Older people were significantly less likely to leave the ED without being seen or to leave against advice after commencement of treatment, with increasing age associated with a further decrease in this likelihood.
Mean lengths of stay of older people 65 years in the ED were significantly longer than those of younger people, 0-64 years (318 and 193 min respectively; P < 0.001). After adjusting for triage category, elderly patients still had a longer ED length of stay (P < 0.001). The mean ED length of stay increased significantly with increasing age (0-14 years, 149.92 min; 15-35 years, 195.24 min; 36-64 years, 240.01 min; 65-74 years, 286.78 min; 75-84 years, 328.74 min; 85 years, 356.96 min; P < 0.001; Fig. 1 ).
Discussion
This study has confirmed that increasing age is associated with higher resource utilisation in the ED, as represented by the surrogate markers of higher assigned Australasian Triage Scale category, higher rates of arrival by ambulance, longer ED stays and higher admission rates. The findings support previously held assertions that elderly ED patients have higher-complexity care needs than their younger counterparts. 2, 13 Increasing age is associated with increasing comorbidities, susceptibility to iatrogenic complications, such as delirium, and the presence of cognitive impairment, all of which are associated with increased healthcare costs. [14] [15] [16] It has been suggested previously that this higher resource utilisation may be unrelated to age, but rather reflect a general increase in resource utilisation in the years proximate to death. 17 However, age remains an easily measurable strong predictor of cost of an ED episode of care.
Currently in Australia, the predominant funding model in use for EDs is activity-based funding centred on the use of URGs. Using this model, funding is determined by five factors: 1 episode end status or disposition destination, type of visit (emergency vs scheduled), triage category, sex and diagnosis code. Although URGs have been demonstrated to be good predictors of cost, 2 there is controversy about their use of data elements that may be subject to manipulation, such as triage category. 13 In this sense, age may be considered a more appropriate measure of resource utilisation because it is not amenable to such manipulation.
The cost of an ED visit is largely accounted for by cost of labour, and economies of scale are not as evident in the ED as in other health services. 18 In addition, the finding in the present study of a higher rate of hospital admission and prolonged ED lengths of stay for older people, suggest population aging will significantly affect access block and ED overcrowding. Hence, higher rates of elderly presentations with population aging, 19 accompanied by their higher resource utilisation, can be expected to disproportionately affect ED costs as the Australian population ages.
Therefore, the findings of the present study support the inclusion of patient age as a predictor of ED costs in casemix or funding strategies; this is in keeping with previous Australian and international studies of ED resource utilisation. 20, 21 However, how age should best be incorporated into funding strategies requires further exploration. Prior casemix funding models for ED that have included age have had varied age groupings. In the Emergency Department Groups classification, 5 it was suggested three age groups, namely 0-35, 36-64 and 65 years, be used after consideration of principal diagnosis and disposition. The Urgency Disposition and Age groups 2 suggested four age groups (14, 15-34, 35-64 and 65 years) be used after consideration of disposition and triage. The findings of the present study that ED costs continue to increase with increasing age beyond 65 years support further exploration of funding models using age groups that incorporate breakdown of older age groups into 65-74, 75-84 and 85 years cohorts.
In addition, age alone does not sufficiently predict cost, and therefore appropriate covariates of cost, which are similarly not amenable to manipulation, require consideration for inclusion in funding models. Such variables may include diagnosis, 5, 13 Indigenous status, 4 presenting problem 4 and investigations or procedures undertaken in the ED. 4 The increasing cost of ED care with increasing age identified in the present study and the anticipated increase in ED presentations accompanying population aging 19 also support the need for further investment in ED avoidance and substitutive care strategies focused on the acute health care needs of older people in order to ensure sustainability of emergency service delivery. Current funding models, with their focus on funding ED-based activity, do not incentivise health services to invest in such emergency demand management strategies.
Limitations
The data available to the research team spanned only July 2006-June 2011. Assessment of data integrity revealed that there was considerable variation in the proportion of hospitals consistently contributing data over time. For the 2006-07 and 2010-11 years, the proportion of all emergency occasions of service captured by NNAPEDCD was estimated to be 100% for public hospitals in Peer Groups A and B and 78% and 81% respectively for all other public hospitals. 22, 23 It is well recognised that many older people have chronic conditions, which affect the complexity of their acute illness; 24 no casemix information was available to researchers, thus the complexity of presentation, and therefore resource utilisation, may be understated.
In addition, residency of the older people in residential aged care facilities is unreliably captured in current ED information systems, and therefore NNAPEDCD does not report on this information. The increased dependency of this group may further affect resource utilisation.
Conclusion
The present study found that increasing age is associated with higher resource utilisation in the ED. The findings of the present study identify an imperative for the addition of age as a variable in casemix funding models. The funding strategies should further incorporate age groups that include breakdown of the 65 years age group into 65-74, 75-84 and 85 years age groups, because each of these increments is associated with a further increase in resource utilisation.
Furthermore, the sustainability of emergency services in the setting of population aging will be optimised by incentivising investment in ED avoidance and substitutive care programs and improved access to primary care for older people.
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